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(57) ABSTRACT

A method of manufacturing a fibre reinforced metal matrix
composite article, the method comprising placing metal
coated (18) fibers (14) between a first metal ring (30) and a
second metal ring (36). Each of the metal-coated (18) fibres
(14) having a glue (22) to hold the metal-coated (18) fibers
(14) 1n position. A solvent 1s supplied to the glue (22) on the
metal-coated (18) fibers (14) to soften the glue (22) and
pressure 1s applied to allow the metal-coated (18) ceramic
fibers (14) to become more closely packed. Thereafter the
glue (22) 1s removed and the metal coated (18) fibers (14) and
first and second metal rings (30, 36) are consolidated and
diffusion bonded together.

32 Claims, 3 Drawing Sheets
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METHOD OF MANUFACTURING A FIBRE
REINFORCED METAL MATRIX COMPOSITE
ARTICLE

FIELD OF THE INVENTION

The present invention relates to a method of manufacturing,
a fibre remnforced metal matrix composite article, and the
present invention relates in particular to a method of manu-
facturing a fibre reinforced metal matrix composite rotor, for
example a compressor rotor or turbine rotor.

BACKGROUND OF THE INVENTION

In one known method of manufacturing a fibre reimnforced
metal matrix composite article, as disclosed i European
patent No. EPO831154B1, a plurality of metal-coated fibres
are placed 1n an annular groove 1in a metal ring and a further
metal ring 1s placed on top of the metal-coated fibres. Each of
the metal-coated fibres 1s wound spirally 1n a plane and the
metal-coated fibre spirals are stacked 1n the annular groove in
the metal ring. The metal rings are pressed predominantly
axially to consolidate the assembly and to diffusion bond the
metal rings and the metal coated fibre spirals together to form
an integral structure.

In a further known method of manufacturing a fibre rein-
forced metal matrix composite article, as disclosed in Euro-
pean patent application No. EP1288324 A2, the arrangement
described in EPO831154B1 1s modified by the inclusion of
metal wires in the annular groove 1n the metal ring with the
metal-coated fibres. Each of the metal wires 1s wound spirally
in a plane and the metal wire spirals are stacked 1n the annular
groove 1n the metal ring with the metal-coated fibre spirals.

In these methods of manufacturing a fibre reinforced metal
matrix composite the metal coated fibres, or the metal coated
fibres and metal wires, are wound spirally 1n a plane on a
former and the metal coated fibre spirals, or metal coated fibre
spirals and metal wire spirals, are temporarily held together
with a glue to enable the metal coated fibre spirals, or metal
coated fibre spirals and metal wire spirals, to be assembled 1n
the annular groove in the metal ring. The glue 1s applied
locally to the metal-coated fibre spirals, or metal coated fibre
spirals and metal wire spirals.

Due to necessary clearances and slight vanation in the
diameter of the fibres or fibres and wires, the metal coated
fibre spirals, or metal coated fibre spirals and metal wire
spirals are not pertectly flat, 1.e. adjacent metal coated fibres,
or metal coated fibres and metal wires, are slightly out of
plane. As a result the spirals are not 1deally packed during the
dry assembly of the spirals 1n the annular groove 1n the metal
ring and this leaves undesirable excess iree space between the
metal-coated fibres. The excess free space means that the
conironting faces of the metal rings will not abut each other
and 1t 1s not possible to seal the assembly. It 1s then necessary
to provide a deeper annular groove 1n the metal ring 1n order
to allow the confronting faces of the metal rings to abut each
other. An increase 1n the depth of the annular groove 1s unde-
sirable because the further metal ring has to be moved a
greater distance to achieve consolidation. Additionally, the
excess Iree space allows the metal coated fibres to move out of
position and may even allow some of the metal coated fibres
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breaking of the metal coated fibres during processing, essen-
tially creating material defects.

SUMMAARY OF THE INVENTION

Accordingly the present invention seeks to provide a novel
method of manufacturing a fibre reinforced metal matrix
composite article.

Accordingly the present mnvention provides a method of
manufacturing a fibre reinforced metal matrix composite
article, the method comprising the steps of:

(a) forming a first metal component,

(b) forming a second metal component,

(c) forming at least one fibre preform, the fibre preform com-
prising at least one fibre, applying a glue to the fibre pre-
form to hold the at least one fibre 1n position,

(d) softening the glue on the at least one fibre preform and
simultaneously pressing the at least one fibre preform to
increase the packing density of the at least one fibre pre-
form,

(e) placing the at least one fibre preform and filler metal
between the first metal component and the second metal
component,

(1) sealing the second metal component to the first metal
component,

(g) removing the glue from the at least one fibre preform,

(h) applying heat and pressure such to consolidate the at least
one fibre preform and the filler metal and to diffusion bond
the filler metal, the first metal component and the second
metal component to form a unitary composite component.
Preferably step (a) comprises forming a circumiferentially

extending groove 1n a face of the first metal member, placing
at least one circumierentially extending fibre preform and the
filler metal 1n the circumierentially extending groove of the
first metal component and placing the second metal compo-
nent in the groove of the first metal component.

Preferably step (b) comprises forming a projection on the
second metal component and step (e) comprises placing the
projection of the second metal component 1n the groove of the
first metal component.

Preferably step (a) comprises forming a circumiferentially
extending groove 1n a face of the first metal member, placing
at least one circumierentially extending fibre preform and the
filler metal 1n the circumierentially extending groove of the
first metal component and placing the second metal compo-
nent in the groove of the first metal component.

Preferably step (d) comprises soitening the glue by intro-
ducing a solvent 1nto the fibre preform.

Preferably step (d) comprises softening the glue by intro-
ducing a small quantity of liquid solvent into the fibre pre-
form.

Alternatively step (d) comprises soiftening the glue by
flowing a liquid solvent, or a vaporised solvent, through the
fibre preform.

Alternatively step (d) comprises softening the glue by heat-
ing the first and second metal components.

Alternatively step (d) comprises softeming the glue by
flowing a hot flmid through the fibre preform.

Preferably the at least one fibre 1s a silicon carbide fibre, a
silicon nitride fibre, a boron fibre or an alumina fibre.

Preferably the at least one fibre 1s a metal coated fibre.

Preferably the at least one metal coated fibre 1s a titanium
coated fibre, a titanium aluminide coated fibre or a titanium
alloy coated fibre.

Preferably step (¢) comprises winding at least one fibre on
a former to form a spiral fibre preform, applying a glue to the
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spiral fibre preform to hold the at least one fibre 1n position

and removing the spiral fibre preform from the former.

Preferably step (¢) comprises winding a plurality of fibres
on a former to form a plurality of spiral fibre preforms, apply-
ing a glue to each spiral fibre preform to hold each fibre 1n
position and removing each spiral fibre preform from the
former.

Preferably the filler metal comprises at least metal wire and
the method comprises winding at least one metal wire on a
former to form a spiral wire preform, applying a glue to the
spiral wire preform to hold the at least one metal wire 1n
position and removing the second spiral wire preform from
the former.

Preferably the at least one metal wire 1s a titanium wire, a
titanium aluminide wire or a titanium alloy wire.

Preferably the method includes winding a plurality of
metal wires on a former to form a plurality of spiral fibre
preforms, applying a glue to each spiral fibre preform to hold
cach metal wire 1n position and removing each spiral fibre
preform from the former.

The present invention also provides a method of manufac-
turing a fibre reinforced metal matrix composite article, the
method comprising the steps of:

(a) forming a circumierentially and axially extending groove
in an face of a first metal component,

(b) forming a circumierentially and axially extending projec-
tion on an face of a second metal component,

(c) winding at least one fibre on a former to form a spiral fibre
preform, applying a glue to the spiral fibre preform to hold
the at least one fibre 1n position and removing the spiral
fibre preform from the former,

(d) arranging the at least one spiral fibre preform and filler
metal 1n the circumierentially and axially extending groove
in the first metal component,

(¢) placing the circumierentially and axially extending pro-
jection on the second metal component 1n the circumier-
entially and axially extending groove in the first metal
component,

(1) softening the glue on the at least one spiral fibre preform
and simultaneously pressing the circumierentially and axi-
ally extending projection on the second metal component
into the circumierentially and axially extending groove in

the at least one spiral fibre preform,

(g) sealing the second metal component to the first metal
component,

(h) removing the glue from the at least one spiral fibre pre-
form,

(1) applying heat and pressure such that the circumierentially
and axially extending projection moves into the circumier-
entially and axially extending groove to consolidate the at
least one spiral preform and the filler metal and to diffusion
bond the filler metal, the first metal component and the
second metal component to form a unitary composite coms-
ponent.

Preferably step (1) comprises introducing a solvent into the
circumierentially and axially extending groove in the first
metal component to soften the glue.

Preferably step (1) comprises introducing a small quantity
of liquid solvent into the circumiferentially and axially
extending groove 1n the first metal component.

Alternatively step (1) comprises flowing a liquid solvent, or
a vaporised solvent, through the circumierentially and axially
extending groove 1n the first metal component.

Alternatively step (1) comprises heating the first and sec-
ond metal components to soften the glue.

the first metal component to increase the packing density of
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Alternatively step (1) comprises flowing a hot fluid though
the circumierentially and axially extending groove 1n the first
metal component to soiten the glue.

Preferably the at least one fibre 1s a silicon carbide fibre, a
silicon nitride fibre, a boron fibre or an alumina fibre.

Preferably the at least one fibre 1s a metal coated fibre.

Preferably the at least one metal coated fibre 1s a titanium
coated fibre, a titanium aluminide coated fibre or a titanium
alloy coated fibre.

Preferably (¢) comprises winding a plurality of fibres on a
former to form a plurality of spiral fibre preforms, applying a
glue to each spiral fibre preform to hold each fibre 1n position
and removing each spiral fibre preform from the former.

Preferably the filler metal comprises at least metal wire and
the method comprises winding at least one metal wire on a
former to form a spiral wire preform, applying a glue to the
spiral wire preform to hold the at least one metal wire 1n
position and removing the second spiral wire preform from
the former.

Preferably the at least one metal wire 1s a titanium wire, a
titanium aluminide wire or a titanium alloy wire.

Preferably the method includes winding a plurality of
metal wires on a former to form a plurality of spiral fibre
preforms, applying a glue to each spiral fibre preform to hold
cach metal wire 1n position and removing each spiral fibre
preform from the former.

Preferably the first metal component and the second metal
component comprise titanium, titanmium alumimde or tita-
nium alloy.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more fully described by way
of example with reference to the accompanying drawings in
which:

FIG. 11s alongitudinal, axial, cross-sectional view through
a bladed compressor rotor made according to the method of
the present invention.

FIG. 2 1s a plan view of a fibre preform used 1n the method
of the present invention.

FIG. 3 1s a cross-sectional view through the preform shown
in FIG. 2.

FIG. 4 1s alongitudinal, axial, cross-sectional view through
an assembly of fibre preforms positioned between first and
second metal rings.

FIG. 5 1s an enlarged cross-sectional view through the fibre
preforms shown in FIG. 4 before softening of the glue.

FIG. 6 1s an enlarged cross-sectional view through the fibre
preforms shown 1n FIG. 4 after softeming of the glue.

FI1G. 7 1s alongitudinal, axial, cross-sectional view through
the assembly of fibre preforms positioned between first and
second metal rings after welding together.

FIG. 8 1s alongitudinal, axial, cross-sectional view through
the assembly of fibre preforms positioned between first and
second metal rings after consolidation and bonding to form a
unitary composite article.

FIG. 9 1s a plan view of a fibre and wire preform used in an
alternative method of the present invention.

FIG. 10 1s a cross-sectional view through the preform
shown 1n FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

A fimished ceramic fibre reinforced metal rotor 10 with
integral rotor blades 1s shown 1n FIG. 1. The rotor 10 com-
prises a metal ring 12, which includes a ring of circumieren-
tially extending reinforcing ceramic fibres 14, which are
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embedded 1n the metal ring 12. A plurality of solid metal rotor
blades 16 are circumierentially spaced on the metal ring 12
and extend radially outwardly from and are integral with the
metal ring 12.

A ceramic {ibre reinforced metal rotor 10 1s manufactured
using a plurality of metal-coated ceramic fibres. Each ceramic
fibre 14 1s coated with metal matrix 18 by any suitable
method, for example physical vapour deposition, sputtering,
etc. Each metal-coated 18 ceramic fibre 14 1s wound around a
mandrel to form an annular, or disc shaped, fibre preform 20
as shown 1n FIGS. 2 and 3. Each annular, or disc shaped, fibre
preform 20 thus comprises a single metal coated ceramic fibre
14 arranged 1n a spiral with adjacent turns of the spiral abut-
ting each other. A glue 22 1s applied to the annular, or disc
shaped, fibre pretorm 20 at suitable positions to hold the turns
of the spiral together. The glue 1s selected such that 1t may be
completely removed from the annular, or disc shaped, fibre
preform 20 prior to consolidation. The glue 22 may be for
example polymethyl-methacrylate 1in dichloromethane or
Perspex (RTM) in dichloromethane.

A first metal nng, or metal disc, 30 1s formed and an
annular axially extending groove 32 1s machined 1n one radi-
ally extending and axially facing face 34 of the first metal ring
30, as shown 1n FIG. 4. The annular groove 32 has straight
parallel sides, which form a rectangular cross-section. A sec-
ond metal ring, or metal disc, 36 1s formed and an annular
axially extending projection 38 1s machined from the second
metal ring, or metal disc, 36 such that 1t extends from one
radially extending and axially facing face 40 of the second
metal ring, or metal disc 36. The second metal ring, or metal
disc, 36 1s also machined to form two annular grooves 42 and
44 1n the face 40 of the second metal ring, or metal disc 36.
The annular grooves 42 and 44 are arranged radially on oppo-
site sides of the annular projection 38 and the annular grooves
42 and 44 are tapered radially from the face 40 to the base of
the annular projection 38. It 1s to be noted that the radially
inner and outer dimensions, diameters, of the annular projec-
tion 38 are substantially the same as the radially mner and
outer dimensions, diameters, of the annular groove 32.

One or more of the annular fibre preforms 20 are positioned
coaxially 1n the annular groove 32 in the face 34 of the first
metal ring 30. The radially inner and outer dimensions, diam-
cters, of the annular fibre preforms 20 are substantially the
same as the radially inner and outer dimension, diameters, of
the annular groove 32 to allow the annular fibre preforms 20
to be loaded 1nto the annular groove 32 while substantially
filling the annular groove 32. A suificient number of annular
fibre preforms 20 are stacked in the annular groove 32 to
partially {ill the annular groove 32 to a predetermined level, as
shown 1n FIG. 4.

The second metal ring 36 1s then arranged such that the face
40 contronts the face 34 of the first metal ring 30 and the axes
of the first and second metal rings 30 and 36 are aligned such
that the annular projection 38 on the second metal ring 36
aligns with the annular groove 32 1in the first metal ring 30.
The second metal ring 36 1s then pushed towards the first
metal ring 30 such that the annular projection 38 enters the
annular groove 32.

The annular fibre preforms 20 are not locally pertectly flat,
1.¢. adjacent turns of the metal coated ceramic fibre 14 are
slightly out of plane due to necessary clearances and slight
variation in the diameter of the metal coated ceramic fibre 14,
see FIG. 5. Consequently, the annular fibre preforms 20 are
not 1ideally packed 1n the annular groove 32 and thus there are
undesirable excess free spaces, which will prevent the face 40
of the second metal ring 36 from abutting the face 34 of the
first metal ring 30.
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A small quantity of a solvent, for the glue, 1s introduced
into the annular groove 32 1n order to soiten the glue 22 and
the second metal ring 36 1s pressed towards the first metal ring
30 so as to move the individual metal coated ceramic fibres 14
of the annular fibre preforms 20, see FIG. 6. The metal coated
ceramic fibres 14 of the annular spiral preforms 20 are able to
move small distances while they are constrained by the adja-
cent annular spiral preforms 20 1n order to move adjacent
turns of the metal coated ceramic fibres 14 closer to, or into,
plane to achieve a greater packing density of the metal coated
ceramic fibres 14, which will allow the face 40 of the second
metal ring 36 to abut the face 34 of the first metal ring 30, as
shown 1n FIG. 7. The metal coated ceramic fibres 14 of each
annular fibre preform 20 are closer to being planar and this
reduces the risk of the metal coated ceramic fibres 14 moving
out of position and crossing the metal coated ceramic fibres
14 of adjacent fibre preforms 20 and hence reducing the risk
of damage, breakage, of the metal coated ceramic fibres 14
during the consolidation. The locally applied glue 22 1s dis-
persed by the solvent so that the glue 22 1s more widespread,
but thinner, and then the glue 22 re-hardens. The glue 22 1s
then more easily removed later.

The radially inner and outer peripheries of the face 34 of
the first metal ring 30 are sealed to the radially inner and outer
peripheries of the face 40 of the second metal ring 36 to form
a sealed assembly. The sealing 1s preferably by TIG welding,
clectron beam welding, laser welding or other suitable weld-
ing processes to form an inner annular weld seal 46 and an
outer annular weld seal 48 as shown 1n FIG. 7.

The sealed assembly 1s evacuated using a vacuum pump
and pipe 50 connected to the grooves, or chambers, 42 and 44.
The sealed assembly 1s then heated, while being continuously
evacuated to remove the glue 22 from the annular fibre pre-
forms 20 and to remove the glue 22 from the sealed assembly.

After all the glue 22 has been removed from the annular
fibre preforms 20 and the interior of the sealed assembly 1s
evacuated, the pipe 50 1s sealed. The sealed assembly 1s then
heated and pressure 1s applied to the sealed assembly to
produce axial consolidation of the annular fibre preforms 20
and diffusion bonding of the first metal ring 30 to the second
metal ring 36 and diffusion bonding of the metal on the metal
coated 18 ceramic fibres 14 to the metal on other metal coated
18 ceramic fibres 14, to the first metal ring 30 and to the
second metal ring 36. During the application of heat and
pressure the pressure acts equally from all directions on the
sealed assembly, and this causes the annular projection 38 to
move axially mto the annular groove 32 to consolidate the
annular fibre preforms 20.

The resulting consolidated and diffusion bonded ceramic
fibre reinforced component 1s shown in FIG. 8 which shows
the ceramic fibres 14 and the diffusion bond region 62. Addi-
tionally the provision of the annular grooves, or chambers, 42
and 44 allows the annular projection 38 to move during the
consolidation process and 1n so doing this results in the for-
mation of a recess 63 in the surface of what was the second
metal ring 36. The recess 63 indicates that successtul consoli-
dation has occurred.

After consolidation and diffusion bonding the article 60 1s
machined to remove at least a portion of what was originally
the first metal ring, at least a portion of the second metal ring
and at least a portion of the diffusion bonded region. In the
example the majority of the second metal ring and the major-
ity of the diffusion bonded region 1s removed. Thus the fibre
reinforced area 1s retained 1n 1t’s intended shape with straight,
flat, sides and thus the machining is in planes to produce flat,
planar, surfaces on the article to provide a uniform distance
between the surfaces and the fibre reinforced areas.
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The article may then be machined for example by electro-
chemical machining or milling to form the integral compres-
sor blades 16, as shown 1n FIG. 1, or the article may be
machined to form one or more slots to recerve the roots of the
compressor blades.

Alternatively, compressor blades may be friction welded,
laser welded or electron beam welded onto the article.

The reinforcing fibres may comprise alumina, silicon car-
bide, silicon nitride, boron or other suitable fibre.

The metal coating on the reinforcing fibre may comprise
titanium, titanium aluminide, titantum alloy, aluminium, alu-
mimum alloy, copper, copper alloy or any other suitable
metal, alloy or intermetallic which 1s capable of being difiu-
s10n bonded.

The first metal ring and the second metal ring comprise
titanium, titanium aluminide, titanium alloy, aluminium, alu-
mimum alloy, copper, copper alloy or any other suitable
metal, alloy or intermetallic which 1s capable of being diffu-
sion bonded.

Although the present mnvention has been described with
reference to spirally wound metal coated fibres alone, the
present mvention 1s also applicable to the use of fibre pre-
forms 20A comprising spirally wound metal coated 18
ceramic fibres 14 and wire preforms 24 A comprising spirally
wound metal wires 26, as shown 1in FIGS. 9 and 10. In FIGS.
9 and 10 each fibre preform 20A 1s arranged 1n the same plane
as an associated wire preform 24A, but each wire preform
24 A 1s at a greater diameter. The preforms 20A and 24A may
be arranged 1n different planes.

Although the present invention has been described with
reference to the introduction of a small quantity of solvent
into the annular groove 1n the first metal ring to soften the glue
on the annular fibre preforms, 1t 1s equally possible to flow
solvent vapour or liquid solvent through the annular groove to
soiten the glue on the annular fibre preforms. A further alter-
native 1s to flow a hot fluid, for example argon or other inert
gas or gas that 1s non reactive with the metal, through the
annular chamber to soften the glue on the annular preforms.
An additional alternative 1s to heat the first and second metal
rings to a temperature sufficient to soiten the glue on the
annular fibre preforms.

Additionally the present invention 1s applicable to the use
of spirally wound ceramic fibres and metal foils, helically
wound ceramic fibres 1n a metal ribbon, spirally wound fibres
and spirally wound metal wires or other form of metal filler.

The metal wire may comprise titanium, titanium alu-
mimde, titanium alloy or any other suitable metal, alloy or
intermetallic which is capable of being diffusion bonded. The
metal foil, metal ribbon or other metal filler may comprise
titanium, titanium aluminide, titanium alloy or any other suit-
able metal, alloy or intermetallic which 1s capable of being
diffusion bonded.

Although the present mnvention has been described with
reference to providing a circumiferentially extending groove
in an face of a first metal ring and a circumierentially extend-
ing projection on an face of a second metal ring it 1s equally
applicable to the provision of a circumierentially extending
groove on a radially outer or inner face of a ring. The circum-
ferentially extending groove may be defined by a radially
extending removable member. The present invention 1s also
applicable to the use of a plurality of fibres, or metal coated
fibres, extending 1n a single direction with the fibres, or metal
coated fibres, being arranged 1n layers and with the layers
being stacked upon each other.

The present invention 1s also applicable to any arrangement
where the fibres are placed between two or more metal com-
ponents.
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Although the present invention has been described with
reference to reimnforcement of metal rings 1t 1s equally appli-
cable to other arrangements and 1n such cases the reinforcing
metal-coated fibres will be arranged accordingly.

Although the present mvention has been described with
reference to the placing of the filler metal and the ceramic
fibres between two metal components and the diffusion bond-
ing of the filler metal and two metal components, the filler
metal and ceramic fibres may be placed between two tools but
the filler metal 1s not bonded to the tools.

The advantages of the present invention 1s that 1t produces
a higher “green” density of the fibre preforms which reduces
volume changes during consolidation and hence controls the
shape and position of the fibre reinforced area of the finished
article. The higher “green” density maintains the positions of
the metal-coated fibres and reduces the risk of metal-coated
fibres moving out of position and subsequent breakage during
consolidation. The smaller enclosed volume and the reduced
excess space enables the use of a smaller and cheaper evacu-
ation system. The ability to tolerate less than perfectly flat
fibre preforms allows wider tolerances on the fibre winding
equipment, which in turn avoids the need for high precision
and expensive fibre winding equipment.

I claim:

1. A method of manufacturing a fibre reinforced metal
matrix composite article, the method comprising the steps of:

(a) forming a first metal component,

(b) forming a second metal component,

(c) forming at least one fibre preform, the fibre preform
comprising at least one fibre, applying a glue to the fibre
preform to hold the at least one fibre 1n position,

(d) placing the at least one fibre preform and a filler metal
between the first metal component and the second metal
component,

() softening the glue on the at least one fibre preform and
simultaneously pressing the at least one fibre preform to
increase the packing density of the at least one fibre
preform,

(1) sealing the second metal component to the first metal
component,

(g) removing the glue from the at least one fibre preform,

(h) applying heat and pressure such as to consolidate the at
least one fibre preform and the filler metal and to difiu-
sion bond the filler metal, the first metal component and
the second metal component to form a unitary composite
component.

2. A method as claimed 1n claim 1 wherein step (a) com-
prises forming a groove 1n the first metal component, step (d)
comprises placing the at least one fibre preform and the filler
metal 1n the groove of the first metal component and placing
the second metal component in the groove of the first metal
component.

3. A method as claimed 1n claim 2 wherein step (b) com-
prises forming a projection on the second metal component
and step (d) comprises placing the projection of the second
metal component 1n the groove of the first metal component.

4. A method as claimed 1n claim 2 wherein step (a) com-
prises forming a circumierentially extending groove 1n an end
face of the first metal member, step (d) comprises placing at
least one circumierentially extending fibre preform and the
filler metal 1n the circumierentially extending groove of the
first metal component and placing the second metal compo-
nent i the groove of the first metal component.

5. A method as claimed 1n claim 4 wherein step (¢) com-
prises winding at least one fibre on a former to form a spiral
fibre preform, applying a glue to the spiral fibre preform to
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hold the at least one fibre 1n position and removing the spiral
fibre preform from the former.

6. A method as claimed in claim 5 wherein step (¢) com-
prises winding a plurality of fibres on a former to form a
plurality of spiral fibre preforms, applying a glue to each
spiral fibre preform to hold each fibre in position and remov-
ing each spiral fibre preform from the former.

7. A method as claimed 1n claim $ wherein the filler metal
comprises at least one metal wire and the method comprises
winding the at least one metal wire on a former to form a spiral
wire preform, applying a glue to the spiral wire preform to
hold the at least one metal wire 1n position and removing the
spiral wire preform from the former.

8. A method as claimed 1n claim 7 wherein the at least one
metal wire 1s a titanium wire, a titantum aluminide wire or a
titanium alloy wire.

9. A method as claimed 1n claim 7 wherein the method
includes winding a plurality of metal wires on a former to
form a plurality of spiral wire preforms, applying a glue to
cach spiral wire preform to hold each metal wire 1n position
and removing each spiral wire preform from the former.

10. A method as claimed 1n claim 1 wherein step (e) com-
prises softening the glue by introducing a solvent into the
fibre preform.

11. A method as claimed 1n claim 10 wherein step (e)
comprises soitening the glue by introducing a small quantity
of liquid solvent into the fibre preform.

12. A method as claimed 1n claim 10 wherein step (e)
comprises soitening the glue by flowing a liquid solvent, or a
vaporised solvent, through the fibre preform.

13. A method as claimed 1n claim 1 wherein step (e) com-
prises softening the glue by heating the first and second metal
components.

14. A method as claimed 1n claim 1 wherein step (e) com-
prises softeming the glue by tlowing a hot fluid through the
fibre preform.

15. A method as claimed in claim 1 wherein the at least one
fibre 1s a silicon carbide fibre, a silicon nitride fibre, a boron
fibre or an alumina fibre.

16. A method as claimed 1n claim 15 wherein the at least
one fibre 1s a metal coated fibre.

17. A method as claimed 1n claim 16 wherein the at least
one metal coated fibre 1s a titanium coated fibre, a titanium
aluminide coated fibre or a titanium alloy coated fibre.

18. A method of manufacturing a fibre reinforced metal
matrix composite article, the method comprising the steps of:

(a) forming a circumierentially and axially extending
groove 1 an end face of a first metal component,

(b) forming a circumierentially and axially extending pro-
jection on an end face of a second metal component,

(c) winding at least one fibre on a former to form a spiral
fibre preform, applying a glue to the spiral fibre preform
to hold the at least one fibre 1n position and removing the
spiral fibre preform from the former,

(d) arranging the at least one spiral fibre preform and a filler
metal 1 the circumierentially and axially extending
groove 1n the first metal component,

() placing the circumierentially and axially extending pro-
jection on the second metal component 1n the circum-
ferentially and axially extending groove in the first metal
component,

(1) softening the glue on the atleast one spiral fibre preform
and simultaneously pressing the circumierentially and
axially extending projection on the second metal com-
ponent 1nto the circumierentially and axially extending
groove 1n the first metal component to increase the pack-
ing density of the at least one spiral fibre preform,
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(g) sealing the second metal component to the first metal
component,

(h) removing the glue from the at least one spiral fibre
preform,

(1) applying heat and pressure such that the circumieren-
tially and axially extending projection moves 1nto the
circumierentially and axially extending groove to con-
solidate the at least one spiral preform and the filler
metal and to diffusion bond the filler metal, the first
metal component and the second metal component to
form a umitary composite component.

19. A method as claimed 1n claim 18 wherein step (1)
comprises 1troducing a solvent into the circumierentially
and axially extending groove 1n the first metal component to
soiten the glue.

20. A method as claimed i claim 19 wherein step (1)
comprises mtroducing a small quantity of liquid solvent into
the circumierentially and axially extending groove 1n the first
metal component.

21. A method as claimed in claim 19 wherein step (1)
comprises flowing a liquid solvent, or a vaporised solvent,
through the circumierentially and axially extending groove in
the first metal component.

22. A method as claimed in claim 18 wherein step (1)
comprises heating the first and second metal components to
soiten the glue.

23. A method as claimed in claim 18 wherein step (1)
comprises flowing a hot fluid though the circumierentially
and axially extending groove 1n the first metal component to
soiten the glue.

24. A method as claimed in claim 18 wherein the at least
one fibre 1s a silicon carbide fibre, a silicon nitride fibre, a
boron fibre or an alumina fibre.

25. A method as claimed in claim 24 wherein the at least
one fibre 1s a metal coated fibre.

26. A method as claimed in claim 25 wherein the at least
one metal coated fibre 1s a titanium coated fibre, a titanium
aluminide coated fibre or a titanium alloy coated fibre.

27. A method as claimed in claim 18 wherein step (c)
comprises winding a plurality of fibres on a former to form a
plurality of spiral fibre preforms, applying a glue to each
spiral fibre preform to hold each fibre in position and remov-
ing each spiral fibre preform from the former.

28. A method as claimed 1n claim 18 wherein the filler
metal comprises at least one metal wire and the method com-
prises winding the at least one metal wire on a former to form
a spiral wire preform, applying a glue to the spiral wire
preform to hold the at least on ~metal wire i position and
removing the spiral wire preform from the former.

29. A method as claimed in claim 28 wherein the at least
one metal wire 1s a titanium wire, a titanium aluminide wire or
a titamium alloy wire.

30. A method as claimed 1n claim 28 wherein the method
includes winding a plurality of metal wires on a former to
form a plurality of spiral wire preforms, applying a glue to
cach spiral wire preform to hold each metal wire 1n position
and removing each spiral wire preform from the former.

31. A method as claimed in claim 18 wherein the first metal
component and the second metal component comprise tita-
nium, titanium aluminide or titanium alloy.

32. A method of manufacturing a fibre reinforced metal
matrix composite rotor, the method comprising the steps of:

(a) forming a circumierentially and axially extending
groove 1 an end face of a first metal component;

(b) forming a circumierentially and axially extending pro-
jection on an end face of a second metal component;
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(c) winding at least one fibre on a former to form a spiral
fibre preform, applying a glue to the spiral fibre preform

to hold the at least one fibre 1n position and removing the
spiral fibre preform from the former;

(d) arranging the at least one spiral fibre preform and a filler
metal 1 the circumierentially and axially extending
groove 1n the first metal component,

(¢) placing the circumierentially and axially extending pro-
jection on the second metal component 1n the circum-

ferentially and axially extending groove in the first metal
component;

(1) softening the glue on the atleast one spiral fibre preform
to allow the at least one fibre to move and simultaneously
pressing the circumierentially and axially extending
projection on the second metal component 1nto the cir-
cumierentially and axially extending groove 1n the first
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metal component to increase the packing density of the
at least one spiral fibre perform;

(g) allowing the glue to harden;

(h) sealing the second metal component to the first metal
component by welding together inner and outer periph-
eries of faces of the first and second metal components;

(1) removing the glue from the at least one spiral fibre
perform, and

(1) applying heat and pressure such that the circumieren-
tially and axially extending projection moves 1nto the
circumierentially and axially extending groove to con-
solidate the at least one spiral preform and the filler
metal and to diffusion bond the filler metal, the first
metal component and the second metal component to
form a composite rotor.
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